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condenser and ground-glass joint fused onto a 50-ml flask. The 
vessel was attached to  a vacuum line and evacuated while the 
sample was alternately cooled to -78” and warmed to room 
temperature to  remove dissolved gases. A -78” trap was main- 
tained in the system to trap out any volatile products. The 
pressure was then raised with dry nitrogen to approximately 510 
mm and heating of the flask was initiated. Over a period of 9 
days the temperature of the oil bath was raised to 235’ and the 
pressure increased to 575 mm. During the last 24 hr of the test, 
compound I refluxed (bp (extrapolated to 575 mm) 205”). 

A small amount of volatile material trapped out a t  -78” was 
tentatively identified as hexamethyldisiloxane by comparison of 
its gas-phase infrared spectrum with the published spectrum.11 
The mass spectrum, though weak, supported the same conclusion 
(calcd for CeH18Siz0,-162; found, 162). The quantity of gas 
trapped out a t  -196” was too slight to identify positively. 
The presence of the hexamethyldisiloxane, however, suggests that 
it might have been hydrogen chloride from hydrolysis of tri- 
methylchlorosilane. The mass spectrum was very weak but 
supported this conclusion (calcd for H3Wl and H3’C1, 36 and 38; 
found, 36 and 38). These compounds could have resulted from 
hydrolysis of I or the decomposition products of I. 

The material in the flask was found by the pmr and infrared 
spectra of the mixture to be mostly unchanged I plus 11. By 
integration of the pmr resonances of the N-methyl protons of 
I and 11, the mixture was found to contain approximately 47,II. 

Results 
After qualitative experiments indicated that, in the 

dehydrohalogenation reaction, less than the stoichio- 
metric amount of trimethylamine resulted in an in- 
creased yield of the desired product, a series of 13 
semiquantitative experiments such as the two given 
above was performed to define more closely the opti- 
mum conditions. 

It was found, however, that changes in the relative 
proportions of the reactants altered the nature of the 
by-products as well as the product yield. The nature 
of the by-products, in turn, was found to have a pro- 
found effect on the difficulty in purifying the product. 
Thus, only trends could be gleaned from the experi- 
mental data. In particular, the yield of the desired 
product I would decrease as the mole per cent of tri- 
methylamine decreased below or increased above about 
75. Further, if the ratio of the number of moles of 
trimethylamine to the number of moles of hexamethyl- 
disilazane was less than 1, the favored by-product would 
be bis(trimethylsilyl)aminobis(dimethylamino) borane 
(11) whereas a ratio greater than 1 would favor the by- 
product chlorobis(dimethy1amino)borane. The by- 
product 11, which will be the subject of a separate com- 
munication, is a waxy solid which sublimes as the prod- 
uct I distils and both contaminates the product and 
plugs the condenser preventing further distillation. 

It was found that the waxy solid I1 could be prepared 
in high yield by direct synthesis and could then be used 
to prepare I via a hydrogen chloride cleavage reaction.5 
When a stoichiometric amount of hydrogen chloride 
was used, net yields of I as high as 65% were observed 
but the product was still contaminated by over 10% 
of 11. 
excess over the stoichiometric amount decreased the 
amount of I1 to approximately 5% of the distillable 
product but also decreased the net yield of I to about 
50%. Further increases in the amount of hydrogen 
chloride employed to a 1 0 0 ~ o  excess eliminated the 
contaminant 11 in the product but dropped the yield 
of I to approximately 15%. Consistent with the re- 
sults found by Geymeyar and Rochow3 for the congeners 

Increasing the hydrogen chloride used to a 

(1 1) “Documentation of Molecular Spectroscopy,” Card File, Butter- 
worths Scientific Publications, London, 1956, infrared spectral card no. 658. 

of I mentioned earlier, it was found that the compound 
possessed significant thermal stability. Surprisingly, 
however, the decomposition that did occur did not re- 
sult in the formation of a borazine as was the case with 

Instead, bis(trimethylsily1) aminodichloroborane, l2  

after the pure compound I was exposed to temperatures 
in excess of 200” for 24 hr, the only decomposition prod- 
uct containing boron was approximately 4% 11. 

Discussion 
The mechanism of the dehydrohalogenation reaction 

is not thoroughly understood, but, as Noth stated, 
“ .  . .if the Lewis acidity of the boron halide and the 
Lewis basicity of the amine decrease, the 1 : 1 complex 
may not form at  all or only in an extremely small concen- 
tration.”13 Thus, the decreased acidity of dichlorodi- 
methylaminoborane (compared to trichloroborane) and 
the relatively low basicity of silicon-substituted amines 
such as hexamethyldi~ilazane’~ would indicate a reac- 
tion mechanism other than one involving formation of 
an adduct with hexamethyldisilazane. If the mecha- 
nism involves the protonolysis of a boron-chlorine 
bond, l5 hydrogen chloride could be released which could 
cleave a dimethylamino group from dichlorodimethyl- 
aminoborane or its trimethylamine adduct (or deriva- 
tives thereof) as a reaction competing with the forma- 
tion of trimethylamine hydrochloride. The dimethyl- 
amine produced could then react with dichlorodimethyl- 
aminoborane to produce chlorobis(dimethy1amino)- 
borane or react with I to form 11, thus explaining the 
presence of the two observed by-products. 

Acknowledgments.-The authors wish to thank Dr. 
Charles Moreland, North Carolina State University, 
Raleigh, N. C., for llB data. Aid from Duke Uni- 
versity, The Research Triangle Foundation, The 
Monsanto Co., E. I. du Pont de Nemours, and Na- 
tional Science Foundation Grant No. GP 7877 for 
equipment and financial support is gratefully acknowl- 
edged. 

(12) P. Geymayar and E. G. Rochow, Monalsh. Chem.,  97,429 (1966). 
(13) H. Ntith in “Progress in Boron Chemistry,” Vol. 111, R.  J. Brother- 

ton and H. Steinberg, Ed., Pergamon Press, New York, N. Y., 1970, p 249. 
(14) See, e.g., E. A. V. Ebsworth in “Organotpetallic Compounds of the 

Group I V  Elements,” Vol. 1, Part I, A. G. MacDiarmid, Ed., Marcel Dek- 
ker, New York, N. Y., 1968, pp 61-66. 

(15) G. Urry in “The Chemistry of Boron and I ts  Compounds,” E. L.  
Muetterties, Ed., Wiley, New York, N. Y., 1967, p 331. 

CONTRIBUTION FROM THE DEPARTMEST OF CHEMISTRY, 
85721 UNIVERSITY OF ARIZONA, TUCSON, ARIZONA 

A Study of the Reaction of Sodium 
Dimethylamidotrihydroborate(1- ) 
with Diborane 

BY PHILIP C. KELLER 

Received September 8, 1970 

We recently reported a new synthesis of ,u-(CH3)2- 
NB2H5 based on the reaction of Na(CH3)2NBH3. 0.324- 
HsOz with diborane (eq 1).l Examination of this 

(1) Na(CH3)2JBH3 + B2Hc + fi-(CH3)2NB2Hj f KaBH? 

(1) P. C. Keller, J .  Amev.  Chem. Soc., 91, 1231 (1969) 
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system by boron-11 nmr showed that intermediate 
species were present; further work resulted in the iso- 
lation of the new compound sodium bis(borane)di- 
methylamide(1 -), Na(CH3)2N(BH3)2.2 This paper 
describes the nmr investigation of the course of eq 1 and 
the role of Na(CH3)zN(BH& as a reaction interme- 
diate. 

Experimental Section 
General Information.-Conventional high-vacuum and glove- 

bag techniques were used throughout this investigation. The 
solvents monoglyme (1,2-dimethoxyethane) and diglyme (bis(2- 
methoxyethyl) ether) were purified by standard methods and 
stored over lithium aluminum hydride in evacuated vessels. 
Boron-11 nmr spectra were obtained using a Varian HA-100 
spectrometer equipped with a 32.1-MHz probe and standard ac- 
cessories. Chemical shifts are in ppm relative to  diethyl ether- 
boron trifluoride. Nmr studies were performed in nmr reaction 
vessels equipped with Kontes Teflon high-vacuum stopcocks for 
the easy addition of reagents and the removal of products for 
separation and characterization. 

N ~ ( C H ~ ) Z N B H ~ . O . ~ C ~ H ~ O Z  was prepared by the reaction of 
dimethylamine-borane with sodium hydride in monoglyme fol- 
lowed by crystallization with dioxane.3 p-(CH3)2NB~Ha was 
prepared according to eq 1 as previously described.' 

Study of the Addition of Diborane to Sodium Dimethylamido- 
trihydroborate(1 -).-In a dry nitrogen atmosphere an nmr 
reaction vessel was loaded with a 0.103-g (0.82-mmol) sample of 
N ~ ( C H ~ ) $ N B H ~ . O . ~ C ~ H ~ O Z .  The vessel was evacuated and 1 
ml of monoglyme was added. The boron-11 nmr spectrum 
of this solution was recorded to confirm the purity of the re- 
actant. Diborane was then added to the system in approxi- 
mately 0.4-mmol increments and the nmr spectrum of the re- 
sulting solution was recorded after each addition. 

The spectrum obtained after addition of the first 0.4 mmol of 
diborane (Figure 1) consisted of a strong quartet centered a t  

Ho -+ 
Figure 1.-Boron-11 nmr spectrum of a solution resulting from the 

reaction Na(CH3)zNBHa + 0.5BzHe. 

+11 .O ppm, characteristic of Na(CHa)zN(BHa)z2, and a con- 
siderably weaker triplet at -3.0 ppm and quintet a t  +42.0 
pprn, assigned to  ( C H ~ ) Z N B H ~  and NaBH4, respectively. The 
low intensity of the NaBH4 resonance is caused by saturation 
effects. In addition, a weak unidentified signal was present on 
the low-field side of the (CH3)zNBHz resonance. The unidenti- 
fied signal disappeared upon further addition of diborane. The 
formation of (CH&NBHz was confirmed by isolation and iden- 
tification (infrared spectrum) in a separate experiment in which 
diglyme was employed as the solvent. Addition of further in- 
crements of diborane caused no change in the (CH3)zNBHz trip- 
let but resulted in the appearance of signals due to dioxane- 
borane and to p-(CH&NBzHa and NaBzH7, which are products 
characteristic of the reaction of Na(CHa)zN(BH3)2 with dibor- 
ane.2 Attempts to  isolate the small amount of unidentified by- 
product associated with the lowest field nrnr signal were un- 
successful. 

Reaction of p-Dimethylaminodiborane with Sodium Dimethyl- 
amidotrihydroborate( 1 - ).-In a dry nitrogen atmosphere an 
nmr reaction vessel was loaded with 0.155 g (1.24 mmol) of Na- 

(2) P. C. Keller, Chem. Commun., 1465 (1969). 
( 3 )  V. D.  Aftandilian, H. C. Miller, and E. L. Muetterties, J .  Ameu. 

Chem. Soc., 88, 2471 (1961). 

( C H ~ ) Z N B H ~ . O . ~ C ~ H ~ O Z .  The vessel was evacuated and cooled 
to  -196O, and 1 ml of monoglyme followed by 1.25 mmol of 
~ - ( C H ~ ) Z N B Z H I  was added. The boron-11 nmr spectrum of the 
clear colorless solution formed after warming to room tempera- 
ture showed a well-resolved triplet (-5.0 ppm) and quartet 
(+ 11.2 ppm) of intensity ratio 1 : 2, respectively. Assignment 
of the quartet to Na(CH3)zN(BH3)zZ was confirmed by addition 
of diborane to the reaction vessel and subsequent isolation of p- 
( C H ~ ) Z N B Z H ~  by high-vacuum methods. The presence of 
(CH3)zNBHz was confirmed by the boron-11 nmr spectrum of the 
monoglyme fraction of the volatile products. 

Results and Discussion 
Boron-1 1 nmr studies show that Na(CH3)2NBH3 re- 

acts with diborane to produce two principal sets of prod- 
ucts. The first reaction (eq 2 )  results in addition of a 
borane group to produce Na(CH3)zN(BH3)2; the second 

Na(CH3)zNBHa + 0.5BzHs -+ N ~ ( C H B ) ~ N ( B H ~ ) Z  (2) 

lesser reaction (eq 3) results in formation of (CH3)z- 
NBH2 and NaBH4. The latter products arise through 
the interaction of the starting reagents, possibly by a 

Na(CH3)zNBHa f 0.5BzHs -3 (CH3)zNBHz + NaBH4 (3) 

simple hydride ion transfer, and not by a process like 
eq 4;  Na(CH3)2N(BH3)2 has not been observed to de- 

Na(CHa)zN(BHdz -+-+ (CH~)ZNBHZ + NaBH4 (4) 
compose in this manner.2 The formation of l-(CH3)2 
NBzH5 does not occur until more diborane is allowed to 
react with the Na(CH&N(BH3)2 (eq 5 ) .  

The reaction of Na(CH3)?NBH3 with p(CH3)2- 
NBzH5 suggests an alternate route to the formation of 

(CH~)ZN(BH~)Z- + BzH6 ---f p-(CHs)zNBzH:, + BzH7- ( 5 )  

(CH3)zNBHz proceeding through the formation of a 
Na(CH3)zNBHs + ~ - ( C H ~ Z N B Z H ~  -+ 

(CHdzNBHz + Na(CHa)zN(B&h (6) 

small quantity of p-(CH3)2NB2H5 via eq 2 and 5 fol- 
lowed by reaction 6. This pathway seems less likely 
than eq 3, since (CH3)2NBH2 always appears even when 
Na(CH3)zNBH3 is in excess and since, as demon- 
strated by eq 5, diborane is superior to M - ( C H ~ ) ~ N B ~ H ~  
when the two compounds are allowed to compete for a 
hydride ion. 
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The development of a high-yield synthesis of trios- 
mium dodecacarbonyl has stimulated research in this 
area.l Lewis and coworkers2 have recently investi- 
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